Introduction
============

The schedule of most public hospitals follows the rule that doctors working in the day clinic significantly outnumber those working at night, and experienced and senior doctors are mostly arranged in daytime, while the night shift are mainly covered by the younger and junior doctors. Therefore, in order to be treated by the experienced and senior doctors, patients are more likely to go to hospital during the day. But not all patients can choose time of visiting the doctor at will, for example, those who suffer from gynecologic acute abdomen.

Gynecologic acute abdomen, with complicated pathogenesis and condition could be life-threatening; hence, correct diagnosis at the time is the prerequisite for proper treatment. The ultrasonic examination which is noninvasive, simple, and convenient, plays an important role in the clinical diagnosis of gynecological diseases. Sometimes it is the only adjunct to the assessment of acute pelvic pain in women. It can effectively diagnose gynecological diseases caused by acute abdominal pain in women, while exclude other causes without surgical treatment.[@b1-tcrm-14-1141] Therefore, it is the preferred adjunct examination method and differential diagnostic tool for gynecologic emergency.

The aims of this study are to investigate the difference of gynecological emergency ultrasound between the day and the night and to evaluate the quantity, quality, and disease constituent ratio, so as to promote doctors and clinicians to work together to reduce human error and improve the diagnostic accuracy.

Materials and methods
=====================

Clinical data
-------------

This retrospective study was carried out at The First Affiliated Hospital of Guangxi Medical University, which is the largest teaching hospital and tertiary referral center of Guangxi in southern China. Patients in the daily clinic and emergency department exceed 10,000 and cover an ethnically and socially diverse population. All clinicians have \>2 years of clinical experience, and the emergency ultrasound doctors on duty have passed the standardized training. This study assessed all patients, who had been first diagnosed by an outpatient or emergency clinic and undergone an emergency gynecologic ultrasound examination, from January 1, 2016, to December 31, 2016. According to the hospital's schedule, the patients were divided into the daytime group (8 am to 5.59 pm) and the night group (6 pm to 7.59 am next day) based on the ultrasonic examination time. Exclusion criteria were \>13 weeks of gestation. All patients provided written informed consent for the use of ultrasound data in subsequent studies. The research was approved by The First Affiliated Hospital of Guangxi Medical University's Ethical Review Committee.

Instruments and methods
-----------------------

GE E8 and Siemens AS ultrasonic diagnostic apparatus with the abdominal probe frequency of 2--6 MHz and the transvaginal probe frequency of 3--7 MHz was used. The patient who is undergoing abdominal ultrasonography took supine position after properly filling the bladder, and the one who is undergoing transvaginal sonography took lithotomy position after emptying the bladder. The emergency ultrasound doctors on duty who have passed the standardized training conducted transabdominal and/or transvaginal multisection ultrasound scanning to observe the shape, the size, and the internal echo of the uterus, abnormalities around the uterus, free effusion in pelvic cavity and abdominal cavity, and color blood flow signal.

According to the results of the clinical diagnosis combined with the characteristics of ultrasonic diagnosis, we used previous studies[@b2-tcrm-14-1141]--[@b6-tcrm-14-1141] to develop a classification and divided the gynecologic emergency diseases into the following seven categories: 1) ectopic pregnancy, in which extrauterine mass can be found by ultrasound and was clinically diagnosed as tubal pregnancy, abdominal pregnancy, ovarian pregnancy, cervical pregnancy, scar pregnancy, and intramural pregnancy; 2) intrauterine pregnancy, in which developing gestational sac can be found in uterine cavity by ultrasound; 3) abortion and trophoblastic diseases, which include inevitable abortion, complete abortion, incomplete abortion, missed abortion, hydatidiform mole, invasive hydatidiform mole, and chorioepithelioma; 4) acute pelvic inflammatory disease; 5) Ovarian tumor: benign or malignant tumor; 6) uterine and endometrial lesions, which include uterine fibroids, adenomyosis, endometrial polyps, endometrial hyperplasia, malignant tumors of the uterus and so on; and 7) no organic lesion in uterine and adnexa, which includes no organic lesion in uterine and adnexa by ultrasonic diagnosis but clinically diagnosed as primary dysmenorrhea, functional uterine bleeding, residual or malposition of the intra uterine device, perineal trauma, or other nongynecological diseases such as appendicitis, cholecystitis, and urinary calculi.

Result tracking
---------------

The following are valid tracking: 1) for surgical patients, accessing reliable pathological diagnosis; 2) for hospitalized patients without surgery, consulting the medical records, determining symptoms, signs, and treatment process, observing the results of other auxiliary examinations such as blood biochemistry examination, radiological examination, and aspiration biopsy examination, or eventually accessing the reliable clinical diagnosis through repeated examination of ultrasound; 3) for nonoperated nor hospitalized patients, eventually confirming the clinical diagnosis by keeping follow-ups and checking the blood biochemical indexes and ultrasound regularly in the hospital.

The following are deemed as invalid tracking: 1) those who cannot be contacted by phone and address; 2) those who refuse to undergo another examination or treatment; and 3) the results of the current examination cannot be used to make clear diagnosis.

Statistical analyses
--------------------

The SPSS Version 20.0 (IBM Corporation, Armonk, NY, USA) statistical software was used for data processing, and the clinically confirmed diagnosis results were used as control. The age comparison of doctors and patients in daytime and at night was conducted by independent samples *t*-test; the seniority of doctors, main symptom features of the patients, disease constituent ratio, and diagnostic coincidence rate of ultrasound were tested by Chi-square test. *P*-values \<0.05 were considered statistically significant.

Results
=======

Comparison of the characteristics of ultrasound doctors and the study population
--------------------------------------------------------------------------------

There were 10 doctors engaged in gynecological emergency ultrasound work in the Ultrasound Department of The First Affiliated Hospital of Guangxi Medical University; among whom, 3 worked only in daytime, 3 worked only at night, and other 4 worked both in daytime and at night according to the shift schedule. All of them are female. The youngest was 26 years, and the eldest was 54 years. As resident physicians in the People's Republic of China need to pass the examination to be promoted to attending physicians when they are in-service for 5 years, therefore, those with ≥6 years in-service are senior physicians, while those with \<6 years are junior physicians. The comparison of ultrasound doctors is shown in [Table 1](#t1-tcrm-14-1141){ref-type="table"}.

There were 1,107 patients accepting gynecological emergency ultrasound examination, of whom 85 patients were invalid follow-ups and 1,022 patients were validly tracked. Among the patients who were validly tracked, there were 882 cases in the daytime group and 140 cases in the night group, the youngest was 9 years old and the oldest was 72 years old, and the main symptoms included menolipsis, vaginal bleeding, and lower abdominal pain. Most patients had more than two symptoms at the same time. The patient's age and symptom characteristics are given in [Table 2](#t2-tcrm-14-1141){ref-type="table"}.

Comparison of disease constituent ratio
---------------------------------------

Among 1,022 emergency ultrasound patients, 882 patients were in the daytime group and 140 patients were in the night group. Among clinically diagnosed diseases, ectopic pregnancy accounted for 18.7% (165/882) and 46.4% (65/140), intrauterine pregnancy accounted for 33.9% (299/882) and 11.4% (16/140), acute pelvic inflammatory disease accounted for 2.2% (19/882) and 9.3% (13/140), and no organic lesions in uterine and adnexa accounted for 11.3% (100/882) and 2.1% (3/140) in daytime and at night, respectively. All the above mentioned differences were statistically significant (*P*\<0.001), whereas there were no significant differences on the constituent ratio of abortion and trophoblastic diseases, ovarian neoplasms, and uterine and endometrial lesions in daytime and at night (*P*\>0.05), as shown in [Figure 1](#f1-tcrm-14-1141){ref-type="fig"} and [Table 3](#t3-tcrm-14-1141){ref-type="table"}.

Comparison of diagnosis coincidence rate
----------------------------------------

The overall coincidence rate between the ultrasonic diagnosis and the clinical diagnosis was 96.3% in 1,022 cases, while the coincidence rate of daytime diagnosis was 97.9%, and the coincidence rate of night diagnosis was 86.4%; the difference was statistically significant (*P*\<0.001). Among all diseases, the coincidence rates of ectopic pregnancy ultrasonography diagnosis in daytime and at night were 96.4 and 75.4%, respectively; the difference was statistically significant (*P*\<0.001). However, there was no statistically significant difference in the coincidence rate of other diseases of daytime and night ultrasound diagnoses (*P*\>0.05), as given in [Table 3](#t3-tcrm-14-1141){ref-type="table"}.

Discussion
==========

Differences among the visiting population
-----------------------------------------

As shown in this study, there was no difference in age distribution between the daytime visiting population and the night one. Most of them were women of childbearing age, and 77.8% presented with menolipsis. There was no difference between daytime and night, which indicated that most cases of emergency gynecological ultrasound might be pregnancy-related diseases. However, patients with symptoms of lower abdominal pain in the night group (72.1%) were more than those during the daytime group (34.7%). Obviously, pain could lead to sleep disorders,[@b7-tcrm-14-1141] while sleep disorders could urge patients to go to the hospital more quickly to relieve pain. These main symptoms reflected the clinician's understanding of the emergency indications; patients with lower abdominal pain and vaginal bleeding might have intrauterine abortion or ectopic pregnancy and later might endanger life, so clinicians urgently needed to diagnose by ultrasonography.

Differences in disease constituent ratio
----------------------------------------

In this study, there were statistically significant differences (*P*\<0.001) on the proportion of ectopic pregnancy, intrauterine pregnancy, acute pelvic inflammatory disease, and no organic lesion in uterine and adnexa in both daytime and night groups. The largest proportion of all diseases was intrauterine pregnancy (33.9%) in the daytime group while ectopic pregnancy (46.4%) in the night group. There were several reasons for disease differentiation: 1) most of the emergency patients had pregnancy-related diseases, the incidence of intrauterine pregnancy in women of child-bearing age was significantly higher than that of ectopic pregnancy, and the sample size of daytime gynecological emergency ultrasound was larger and might be closer to the disease distribution in the population; 2) the symptoms of intrauterine pregnancy patients were mild and the patients might choose their visiting time freely, in most of the patients who suffered from ectopic pregnancy, acute pelvic infection had acute and serious symptoms, and they had to visit the doctor immediately when these symptoms occurred at night; 3) during the day, there were many gynecological ultrasound doctors (≥6) on duty who could accept patients from all departments of the hospital, such as female patients with unexplained acute abdominal pain from gastrointestinal surgery department, to exclude gynecological diseases. However, there was only one ultrasound doctor on duty at night. In order to improve emergency efficiency, the First Affiliated Hospital of Guangxi Medical University suggested that nighttime patients should be consulted by a gynecologist before performing a gynecological emergency ultrasound examination. The gynecologist was professional and targeted, who applied for gynecological emergency ultrasound only if they considered the patient suffering from gynecological disease, such as ectopic pregnancy. Therefore, the disease constituent ratio obtained by gynecological emergency ultrasound statistics could not reflect day-night differences of actual incidence in the population.

In this group of data, there were no statistically significant differences in the ratio between daytime and night of abortion and trophoblastic diseases, ovarian tumor, uterine, and endometrial lesions, regarding the clinical symptoms of these diseases as mild or slow, and patients seeking emergency medical treatment were serious cases, such as ovarian tumor with rupture or torsion or infection, inevitable abortion combining acute hemorrhage of uterus, and cervical cancer with vaginal acute hemorrhage. So far, there has been no literature reporting that the incidence of these diseases during the day and night was significantly different.

Difference of coincidence rate of ultrasonic diagnosis
------------------------------------------------------

The overall coincidence rate between the ultrasonic diagnosis of gynecologic emergency and the clinically confirmed diagnosis results was 96.3%, which was similar to results of hospitals of the same rank in the People's Republic of China.[@b8-tcrm-14-1141] It was suggested that ultrasound should be an effective assistant method for gynecologic emergency examination.

There was a difference in the coincidence rate between the ultrasonic diagnosis of gynecologic emergency and the clinically confirmed diseases during the daytime and night, that is, the coincidence rate of night diagnosis in ectopic pregnancy was lower than that of daytime. Ectopic pregnancy accounted for most of the nocturnal diseases (46.4%), ectopic pregnancy was complicated in the pelvic cavity, sometimes the clinical symptoms were atypical, and sonographic changes lacked specificity. Kirk et al[@b9-tcrm-14-1141] pointed out that suboptimal quality ultrasound equipment, operator inexperience, increased maternal body mass index, uterine fibroids, or ovarian pathology may also make the visualization of an ectopic pregnancy difficult.

In this study, there were 6 missed diagnoses during the day and 10 missed diagnoses during night and all were proved to be tubal pregnancy. The common features of the 16 patients were short duration of menolipsis (30--42 days), the lesion of \<2 cm, mild abdominal pain, and so on, and the ultrasonic examination found no gestation sac in uterine cavity and no abnormal masses in adnexal region, but atypical indirect signs could be seen, such as uterine cavity effusion, endometrial thickening, ovarian corpus luteum cyst, and perirectal fossa free effusion. Of these 16 missed diagnoses, one case had sudden rupture of ectopic pregnancy at the 7th day without reexamination. Data from a specialist of early pregnancy unit show that \~73.9% of women with an ectopic pregnancy may be diagnosed on an initial transvaginal ultrasound examination.[@b10-tcrm-14-1141] Therefore, patients who were suspected ectopic pregnancy should be recommended to have close observation and regular follow-ups, and doctors may consider the use of transabdominal sonography in combination with transvaginal sonography to complement information, improve detection rate, and reduce or avoid misdiagnosis and missed diagnosis, which provides a scientific basis for the formulation of clinical treatment scheme.[@b11-tcrm-14-1141] In addition, 3 cases of scar pregnancy were misdiagnosed as inevitable abortion and cervical pregnancy at night; the reason was that there were similarities in the sonogram of these diseases, but their clinical management measures were quite different, so ultrasound doctors should pay attention to differential diagnosis. Riaz et al[@b12-tcrm-14-1141] summarized the key points of ultrasonic diagnosis of scar pregnancy as 1) no gestational sac was found in the uterus cavity; 2) gestation sac attaching to anterior wall of uterus in the lower section, surrounded by abundant blood flow signals, which was the key point to identify inevitable abortion; and 3) the muscular wall between the gestational sac and the bladder was thin, which could be used to further differentiate cervical pregnancy.

Although our study showed no significant difference in the age and seniority of ultrasound doctors in the daytime group and the night group, the actual situation was that there were more doctors working in the hospital during the day, which means the junior doctors could ask the senior doctors to analyze and judge any problems found, while at night, in most cases, there was only one ultrasonic doctor on duty who had to complete the diagnosis independently and quickly. What is more, there were four of the seven doctors in the night shift whose entire period of actual operation was under 6 years, and these doctors might have the problems such as lack of experience and a low sensitivity to the sonographic changes, and it was difficult for them to make the correct diagnosis independently in a short time.

Another significant reason causing low diagnostic accuracy of ultrasonography at night was the psychological and physiological factors of the night shift doctors. Chronic fatigue caused the decline of the doctors' physical and mental executions, thereby increasing the incidence of medical errors. A number of studies showed that all the cognitive abilities including working memory ability, information processing speed, spatial thinking ability, and cognitive flexibility of the medical staff who work on the night shift or after 24 hours decreased;[@b13-tcrm-14-1141],[@b14-tcrm-14-1141] the discrepancy between subjective feeling and objective cognitive impairments poses a risk for performing complex manual and cognitive tasks.[@b15-tcrm-14-1141] However, the impact on the night shift ultrasound doctors should be further assessed.

Our findings essentially confirm that ultrasound is a core skill in gynecology but is highly operator dependent. As what is already known, ultrasound performance of trainees in obstetrics--gynecology depended on a combination of motor skills, visual skills, and cognitive skills.[@b16-tcrm-14-1141] However, compared with the other clinical assessment tools, ultrasound is the most convenient and reliable imaging modality in the pregnant patient presenting to the emergency department with abdominal pain or vaginal bleeding.[@b2-tcrm-14-1141]

Limitations
-----------

As other similar study,[@b3-tcrm-14-1141] we acknowledge that this study is limited by the fact that it was based on the clinician's "intention to treat" and there was a certain diagnostic suspicion bias. However, sonography is not used in isolation. More information could be gained into an acute gynecology service. Some of the gynecological emergency ultrasound diseases collected in this research did not belong to life-threatening emergencies; since Chinese law states that public hospitals cannot reject any patient, the patients who think themselves are in emergency situation have been admitted to access medical treatment procedures through emergency channels, taking up emergency resources. Before emergency ultrasound examinations, it might be difficult to effectively distinguish the ordinary patients from those with acute diseases, which is the very limitation that this research cannot avoid. In spite of this, our research still has some significance and can provide reference for other research centers.

Conclusion
==========

Due to the distribution of medical resources during the day and night and other reasons, there was significant difference in disease constituent ratio and coincidence rate of ultrasonic diagnosis of gynecological emergency ultrasound of daytime and night and the difference of the diagnostic coincidence rate was mainly manifested by the low coincidence rate of the diagnosis of ectopic pregnancy at night; ultrasound physicians should focus on the accumulation of diagnostic experience for such conditions. Especially for teaching hospitals, doctors should train the medical students to identify the differential diagnosis accordingly in teaching work. In addition, clinicians might suggest patients who performed an gynecologic emergency ultrasound at night with ambiguous diagnosis, to be reexamined during the day, and change a more experienced ultrasound doctor that can avoid missed diagnosis caused by operator-dependence.
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###### 

Basic situation of ultrasound doctors in daytime and at night

  Characteristics                   Total number of doctors (n=10[a](#tfn1-tcrm-14-1141){ref-type="table-fn"})   Daytime (n=7)   Night (n=7)   *P*-value
  --------------------------------- ---------------------------------------------------------------------------- --------------- ------------- ---------------------------------------------------
  Age in years, mean ± SD           33.6±7.4                                                                     36.6±8.8        30.6±4.5      0.133[b](#tfn2-tcrm-14-1141){ref-type="table-fn"}
  Number of senior/junior doctors   5/5                                                                          5/2             3/4           0.592[c](#tfn3-tcrm-14-1141){ref-type="table-fn"}

**Notes:**

There were 10 doctors totally, among them three worked only in daytime, 3 worked only at night, and other 4 worked both in daytime and at night.

Independent samples *t*-test.

Chi-square test.

**Abbreviation:** SD, standard deviation.

###### 

Characteristics of the study population and the main symptoms

  Characteristics                                             Overall study population (n=1,022)   Daytime (n=882)   Night (n=140)   *P*-value
  ----------------------------------------------------------- ------------------------------------ ----------------- --------------- ---------------------------------------------------
  Age in years, mean ± SD                                     31.6±7.7                             31.8±7.7          30.1±7.9        0.157[b](#tfn6-tcrm-14-1141){ref-type="table-fn"}
  Menolipsis, n (%)                                           795 (77.8)                           684 (77.6)        111 (79.3)      0.743[c](#tfn7-tcrm-14-1141){ref-type="table-fn"}
  Vaginal bleeding, n (%)                                     550 (53.8)                           452 (51.3)        98 (70.0)       0.000[c](#tfn7-tcrm-14-1141){ref-type="table-fn"}
  Lower abdominal pain, n (%)                                 407 (39.8)                           306 (34.7)        101 (72.1)      0.000[c](#tfn7-tcrm-14-1141){ref-type="table-fn"}
  Others,[a](#tfn5-tcrm-14-1141){ref-type="table-fn"} n (%)   130 (12.7)                           108 (12.2)        22 (15.7)       0.274[c](#tfn7-tcrm-14-1141){ref-type="table-fn"}

**Notes:**

Including shock, upper abdominal pain, fever, shivering, nausea, vomiting, pelvic mass, trauma, etc,.

Independent samples *t*-test.

Chi-square test.

**Abbreviation:** SD, standard deviation.

###### 

Analysis of disease constituent ratio and coincidence rate of ultrasonic diagnosis in daytime and at night

  Disease categories                                Number of confirmed cases (constituent ratio, %)   *P*-value   Number of cases correctly diagnosed by ultrasound (coincidence rate, %)   *P*-value                 
  ------------------------------------------------- -------------------------------------------------- ----------- ------------------------------------------------------------------------- ------------ ------------ -------
  Ectopic pregnancy (n=230)                         165 (18.7)                                         65 (46.4)   0.000                                                                     159 (96.4)   49 (75.4)    0.000
  Intrauterine pregnancy (n=315)                    299 (33.9)                                         16 (11.4)   0.000                                                                     296 (99.0)   16 (100)     1.000
  Abortion and trophoblastic diseases (n=231)       202 (22.9)                                         29 (20.7)   0.565                                                                     198 (98.0)   29 (100)     1.000
  Acute pelvic inflammatory disease (n=32)          19 (2.2)                                           13 (9.3)    0.000                                                                     19 (100)     10 (76.9)    0.058
  Ovarian tumor (n=36)                              29 (3.3)                                           7 (5.0)     0.321                                                                     26 (89.7)    7 (100)      1.000
  Uterine and endometrial lesions (n=75)            68 (7.7)                                           7 (5.0)     0.253                                                                     65 (95.6)    7 (100)      1.000
  No organic lesion in uterine and adnexa (n=103)   100 (11.3)                                         3 (2.2)     0.000                                                                     100 (100)    3 (100)      N/A
  Total (n=1,022)                                   882 (100)                                          140 (100)   0.000                                                                     863 (97.9)   121 (86.4)   0.000

**Abbreviations:** SD, standard deviation; N/A, not applicable.
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